Elastic and inelastic angular distribution and excitation functions were measured for the 28Si + 28Si system in the vicinity of the Coulomb barrier. While the elastic data could be described very well by using fully microscopic complex potential, the inelastic cross sections were found to be more sensitive to small variations in the potential. In particular the Coulomb nuclear interference dip observed in the inelastic excitation functions could not be fitted satisfactorily with calculation. Inclusion of an energy dependent term of Gaussian shape to the associated matrix element with the reorientation coupling in the phenomenological calculations leads to a better fit the inelastic excitation functions. 
Introduction
Heavy-ion elastic scattering at low incident energies is generally well described by complex optical model potentials [ 1 ] . In a pure phenomenological optical model with parametrised Woods-Saxon form, one uses adjustable parameters to fit the observed cross section. However, because the elastic cross section is sensitive to the asymptotic phase shift only, there are ambiguities in the extraction of these parameters. Consequently, the appropriate potentials to be used with a reaction model for describing inelastic scattering or transfer reaction have to be arrived at from other considerations. In a microscopic model on the other hand, potentials are calculated from fundamental considerations and, therefore, such ambiguities do not arise. The folding model is one such widely and successfully used microscopic model for describing heavy-ion elastic scattering [2] . In such a model, the real part of the optical potential is derived by folding the nuclear density of the colliding nuclei with an effective nucleon-nucleon interaction. The imaginary part of the potential is still extracted phenomenologically.
Several attempts have been made to calculate microscopically the imaginary part of the complex optical potential. Broglia et al. [3, 4] derived the imaginary potential semiclassically based on the trajectory of the colliding nuclei. Brink et al. [5, 6] estimated the imaginary potential for the transfer channels using the proximity method based on the nucleus-nucleus interaction. Several authors used the complex energy density formalism [7, 8] based on the complex, two-body interaction to describe elastic scattering. Using the Brueckner-Hartree-Fock approximation and Reid's hard core nuclear-nuclear interaction, a complex optical potential was derived [9] and successfully used in explaining the elastic scattering data for several systems. Vinh Mau and her co-workers [ 10, 11 ] derived the nucleus-nucleus potential from the basic Feshbach [ 12] formalism and analysed elastic scattering data for various systems (both spherical and deformed), e.g. 160 ÷ 208pb [ 13] , 32S + 4°Ca [ 14] , 35'37C1-1-24Mg [ 15] . A fairly good agreement was observed between the calculation and experiment.
In Vinh Mau's approach [ 10] , the imaginary part of the complex optical potential was derived by considering all possible closed and open reaction channels through the closure approximation. But around the Coulomb barrier, only a few open channels may contribute significantly. It was shown by Pacheco et al. [ 14] that in the elastic scattering of 32S on 24Mg, inclusion of only the lowest energy states in projectile and target as open channels was sufficient to explain the data. However, elastic scattering is unlikely to be very sensitive to the absorptive potential near barrier. On the other hand, inelastic scattering or transfer reactions where the wave function plays an important role, will be more sensitive to the details of the potential. Also, such studies give more information on the structure and dynamics of the system.
It is well known that the Coulomb nuclear interference phenomenon is very sensitive to the heavy-ion potential [16] around the barrier. In the interference region, both Coulomb and nuclear wave functions are well matched and the interference minimum observed in the inelastic excitation function is directly related to the shape of the nucleus [17] . An earlier work, which studied the 160 + 58Ni system, using a semi-classical model, obtained a reasonably good fit to the Coulomb nuclear interference data [ 16] . In the 160 + 92Zr system, Takagui et al. [ 18] performed a coupled channel calculation with a phenomenologically fitted potential to explain the Coulomb nuclear interference region. They found that around the barrier the inelastic data could not be fitted satisfactorily within the framework of the collective model. The interference pattern could be reproduced by introducing an unusually strong reorientation coupling for the state (anomalous coupling). This reminds one of the anomalous behaviour of the optical potential near barrier (threshold anomaly).
It has been found that the diagonal term in the potential matrix, responsible for elastic scattering shows an energy dependence around the Coulomb barrier [ 19] . This is a consequence of coupling to different channels. The real and imaginary part of the potential are connected through a dispersion relation. It has been pointed out that the dispersion relation should be applicable to all the elements of the potential matrix and that the non-elastic transitions, which are in general described by the off-diagonal coupling terms in the same potential matrix, should also exhibit energy dependent behaviour near the barrier. Smithson et al. [20] showed that an energy dependent reorientation term for the 3-state of 2°8pb (i.e. the static quadrupole moment of that state) is needed to explain their data around the barrier. A progressive increase in the value of the reorientation term with decreasing energy is observed. A structure dependent factor such as the reorientation term cannot possibly have any dependence on the projectile energy. The above observation actually indicates that the associated coupling potential (non-diagonal) has a different energy dependence from the diagonal part of the potential. This aspect also needs to be looked into in the context of the microscopic model.
In our present study, we made an attempt to understand the elastic and inelastic scattering of 28Si on 28Si using a microscopically derived potential (both real and imaginary) around the Coulomb barrier. We also studied the Coulomb nuclear interference as a more sensitive test of the microscopic model, where we have now included absorption in contrast to the earlier semi classical picture [ 16] . The advantage of using 28Si is that it is a deformed system (/32 = 0.38) [21] and coupling to the first few excited states should be the major part of the absorption potential around the barrier. Reorientation effects may play a significant role also. An identical particle system has other features due to exchange effects which probably have not been studied in detail especially in a microscopic model. Also as far as our knowledge goes, mainly asymmetric systems have been chosen for such studies. Further, the detailed transition densities for s-d shell nuclei are available in literature. Wildenthal's [22] "universal sd" (USD) interaction has been found to be very successful in predicting energies and transition densities for sd shell nuclei. Thus microscopic, real transition potentials can be calculated reliably for 28Si. Most of the early works are based on a collective model description. Ferguson et al. [ 23] measured the elastic angular distribution around the Coulomb barrier. Emling et al. [24] measured the elastic and inelastic angular distribution of 28Si on 2Ssi at five different energies and explained them satisfactorily within the frame work of the diffraction and optical model with a phenomenologicai potential.
The organization of the paper is arranged as follows. In Section 2 we describe the experimental method. In Section 3 is devoted to the analysis of elastic and inelastic angular distributions using phenomenological and microscopically derived potentials. The excitation functions for elastic and inelastic scattering using a microscopic potential are discussed in Section 4. Finally, we present our conclusions in Section 5.
Experimental method
The experiment was carried out using the 15UD Pelletron accelerator at Nuclear Science Centre, New Delhi. A 28Si beam was produced in a SNICS ion source, accelerated (in the energy range 58-84 MeV), momentum analysed and allowed to impinge on a 2SSi target. Beam current was 6 to 10 pnA. The Si target was made by vacuum evaporation of 99.99% enriched 28Si oxide with carbon backing. Thicknesses of the two Si oxide targets used were 30/zg/cm 2 and 67/zg/cm 2 as determined from the energy loss of a-particles from a 241Am source. The thickness of carbon backing was 10/.~g/cm 2.
Angular distributions and excitation functions of elastic and inelastic (2 +, 1.78 MeV) scattering were measured in a 150 cm diameter scattering chamber by detecting the scattered particles in silicon surface-barrier detectors. Five such detectors (300 #m) were used and arranged in one of the two movable arms in the chamber. The solid angles subtended by the detectors were between 3.5-7.5 msr. Two monitor detectors (300/zm) were placed symmetrically at 11 ° on either side of the beam. The monitors subtended an angle of 0.2 ° at the target. An entrance collimator of 2 mm diameter was used at the entrance port of the target chamber. The beam was properly steered to keep the elastic peak count in the two monitor detectors identical within 5%.
The precise angle of the detectors was determined using the heavy ion scattering of identical particle system [25] . For such a system, the differential cross section is symmetric about 0c.m. = 90 °, and produces an interference maximum for particles of integral spin (boson). Thus the angular scale is calibrated by locating this maximum. The accuracy in the angle determination is estimated to be less than 0.1 °.
Angular distribution data were taken at 63 and 72 MeV, in the range of 15 ° to 45 ° with steps of 1 °. Only elastic data were taken at the lower energy (63 MeV). A few overlapping angles were used for different detectors to check the consistency of the data. The results of such measurements (properly normalised for solid angle) agreed within statistics. Excitation functions were measured for both elastic and inelastic (2 ÷, 1.778) in the energy range 58 to 84 MeV in steps of 1 MeV (0.5 MeV in the region of the Coulomb barrier) at 0lab. = 45 °. A single surface-barrier detector with angular acceptance of 0.3 ° was used. Standard electronics was used and data was recorded in a Micro-VAX computer with our data acquisition program ONLINE. Particle identification was not required since almost all competing reaction channels have high negative Q-value and did not interfere in the region of interest. Fig. 1 the yield to the elastic monitor counts, the cross section at the monitor angle being purely Coulombic and well described by the Mott scattering for spin zero particles. For the excitation function, data obtained during different runs were normalised from the overlapping energy points. The overall error was estimated to be less than 10% for elastic and less than 15% for inelastic cross sections.
Analysis of angular distribution

Optical model analysis of elastic scattering
A consistent optical model analysis was performed for the elastic scattering of 72 and 63 MeV data. Optical model parameters were obtained by using the search option of the coupled channel code ECIS [26] in the uncoupled one-channel mode. We have considered the volume Woods-Saxon form for both the real and imaginary parts of the potential, i.e.
where f(r,R,a) = (l + exp (r -R) ) -I .
Here V and W are the strengths of the real and imaginary potentials respectively, with radius R = ro(At 1/3 q-Apl/3), (At and A o being the masses of the target and projectile respectively) and diffuseness parameter a. The subscripts "0" and "w" refer to real and imaginary parts respectively. The best fit to the elastic scattering data was found by minimising the chi-squared (X 2) value. It was observed that the fit was less sensitive to the variation of the optical potential parameters for 63 MeV angular distribution data as expected below the barrier. Therefore, we carried out the search procedure on all the six parameters tbr the 72 MeV data only. The geometry parameters were kept fixed after this. For the 63 MeV data, we searched the real (V) and imaginary strengths (W) only, keeping the geometry parameters fixed. Final parameter sets obtained by this procedure (Table 1) are consistent with previous work [23, 24] .
It is known that several sets of parameters can fit the elastic data to about the same degree of accuracy, especially near the Coulomb barrier. In fact the potential in the interior regions (less than the strong absorption radius) is essentially undetermined. Attempts were made to find out some ranges of parameters that allow the chi-square per degree of freedom to vary within about 20% (from 4.9 per degree of freedom to 5.9 per degree of freedom on either side). One parameter was changed (in a grid search) and other parameters were also simultaneously varied to restore the fit within the above indicated values of chi-square. The real potential in set II could be varied ~dz 18 MeV from 77.59 MeV in this manner. The imaginary potential too could be varied ~dz20 MeV with a change in X 2 value of about the same magnitude. Similarly for r0, a0, rw and aw, the ranges were 1.12-1.35 fm, 0.43-0.54 fm, 1.18-1.41 fm (values of rw less than 1.18 fm does not produce any change in X 2, when W is simultaneously varied) and 0.05 to 0.90 fm. respectively. In all such cases the potential at strong absorption radius of 9.35 fm remained practically identical (inset Figs. 3 and 5).
Coupled channels calculation for inelastic scattering
The inelastic angular distribution calculations were done using the same coupled channels code ECIS [26] with 0+-2 + coupling. Due to the symmetry of the system, the excitation to the 2 + state for both target and projectile were included explicitly in the calculation. Elastic and inelastic (2+; 1.778 MeV) angular distributions were fitted simultaneously to extract the real and imaginary strengths of the potential parameters. The geometry parameters were kept the same as obtained from the elastic angular distribution search procedure ( Table 1) . As expected, due to explicit channel coupling, the imaginary potential is lower for the coupled channels calculation. We assumed the real and imaginary deformation lengths to be equal i.e 8 v = 8 w. The Coulomb deformation (/3~t)was calculated from the reduced matrix elements for 0 ~ l transition, (where l is the order of the multipole). This is related to the reduced electromagnetic transition rate (B(EI)T) by
where Ji and Jf are the spins of the initial and final states. For the 0 + to 2 + transition,
with Z = 14 for 28Si and conventional target charge radius, Re = 1.2At 1/3. We have taken the value of the reduced matrix element M(E2) equal to 18.3 e fm 2 [ 21 ] and the nuclear deformation length as 1.22 fm from the work of Zalmstra et al. [27] . Assuming a rotational model, the quadrupole moment for the excited 1.78 MeV, 2 + state was also taken into account through the reorientation coupling term/322. 1322 was obtained from the static quadrupole moment value of the 2 + state [28] . All the deformation parameters are shown in Table 2 . The elastic and inelastic cross sections from the coupled channels calculations along with the data are shown in Fig. 2a . The solid line represents the calculation with reorientation coupling and the dotted line is without reorientation. In the present work we have used the normally accepted oblate shape of 28Si (i.e. a negative deformation was used). However, the interference pattern is not reproduced correctly with the potential set CCI and deformation set I. A variety of options were tried to fit the inelastic 2 +-state data. By allowing both the potential strengths and the geometry parameters to vary a marginal improvement in the quality of the fit was observed. But the imaginary diffuseness and the real radius came out to be very low (aw ,,~ 0.09 fm and r0 "~ 0.95 fm). In the next step we varied the nuclear deformation length with potential strengths and diffuseness parameters. We found a reasonable fit for the inelastic data with a large nuclear deformation length (RoilS2 = 1.65 and Rwt9~2 = 1.58) and a shallow potential depth (see CCII in Table 1 ). The resulting fit is shown in Fig. 2b . The chisquared value for the inelastic angular distribution fit improved from 6.8 per degree of freedom to 4.3, while the elastic fit remained practically identical for the parameter (Table 1 ) including target and projectile excitations of first 2 + state and quadrupole reorientation coupling (Table 2 ). Dotted line is without reorientation. The elastic curves for these cases are indistinguishable. (b) With the potential set CCII and the deformation parameter set II (see text).
sets CCI and CCII. We also varied the Coulomb deformation length (Rc/~2) and the reorientation coupling strength (fl22) one after another, but no further improvement could be obtained.
Microscopic calculation
While the fit using phenomenological optical potentials in a coupled channels description are good, our main interest was to obtain a description in a microscopic model with as few free parameters as possible. We proceeded in the following manner.
The real part of optical potential was calculated from a double folding between an effective (M3Y) two-body interaction and the density of the two interacting nuclei. The absorptive part of the potential was derived from the Feshbach formalism using the approach of Vinh Mau et al. [ 10, 11 ] and Pacheco et al. [ 14] . The transition potential for the 2 + excitation of the target and projectile nuclei was calculated by using the deformed folding model with a shell-model transition density [29] .
Real folded potential
Our calculation is based on the generalised version of the folding model [30, 31] . In this approach, the microscopic nucleus-nucleus potential is evaluated as an antisymmetrised Hartree-Fock type potential for the dinuclear system based on the first-order, many-body theory,
iE A~ ,jc A2
where li) and I J) are the single-particle, wave functions of two colliding nuclei A1 and A2 respectively. Vo and VEX are the direct and exchange parts of the effective interaction. The widely used M3Y effective nucleon-nucleon (NN) interaction based on the G-matrix elements of the Reid soft-core interaction in an oscillator basis [32] with explicit density dependence to account for medium dependent effects (DDM3Y) was employed in our calculation. Due to the uncertainty involved in the derivation of an in-medium NN interaction from a realistic free NN interaction, a slight renormalisation of the folded potential, which gives the best fit to the data is commonly adopted [2] . The direct part of the interaction is, VD(r) = 7999.0 exp (-4r) 2134.25 exp (-2"5r) (5) 4r
2.5r
The exchange term can be a finite-range exchange, vEX(r) =4631.38 exp (-4r) 1787.13 exp(-2"5r) 7.8474 exp (-0"7072r) (6) 4r 2.5r 0.7072r
The zero-range pseudopotential is also often used rather than the finite range exchange. It is of the form,
VEx=--276(1--O.OO5~)6(r).
In the case of the energy and density dependent M3Y interaction, DDM3Y, the potentials are
g(E)=l -0.002E,
where the density parameters are C = 0.2845, a = 3.6391 and /3 = 2.9605 fm 3. The overall density in the above equation was taken to be the sum of the densities of the two colliding nuclei at the midpoint of the internucleon separation. This is the frozen density approximation usually adopted in the folding model calculation.
The exchange potential VEX accounts for the knock-on exchange of nucleons between the projectile and the target. It is non-local in nature. By introducing the one-body density matrix p1~2)(r, r') of the two colliding nuclei and after certain transformations the final form of explicit energy dependent direct and self-consistent, local exchange potential can be written as 
jo( k( R)s/Iz).
Here we used the zero-range pseudopotential for calculating the VEx term. It was observed that at low energies, the effect of finite-range exchange was very negligible for 28Si on 2Ssi system. The ground state density p0(r) was taken from the experimental charge density [ 33 ] . This charge density was parametrised as a three-parameter Gaussian (3pG) distribution (Table 3) which is of the form,
where c is the half-density radius, z is the skin thickness and w is in general influence of the tail of p(r). Fig. 3 shows the calculated potential with a zero-range pseudopotential for 72 MeV incident energy. In our calculations, we used corrections for the finite charge 
. Table 1 , set CCI and CCII respectively. The curve C is the double-folded potential.
distribution of the proton and took the shape of the neutron and proton distributions to be the same, the normalisation being in the N/Z ratio.
Real transition potential
The microscopic transition density was calculated by expanding the nuclear density into multipoles [ 2, 1 ] 
p(r) = ~ Ca(IMAi.tlL'M' >pa(r)Y,~*~(~') ,
,tl.t (14) where Co = ~ and Ca = 1 (if A 4~ 0). pa=2(r) is the transition density from ground state ]0 +) to the excited state ]2+).
p2(r) = (2+]1Z Y2o(rj)]10+} • (15) J
In our calculation of the transition potential for 2 + excited state, the one-body density matrices (OBDM) were taken from Ref.
[29] to generate the quadrupole transition density P2 ---P(P)2 "-}-p(n)2 (for protons and neutrons). They derived the OBDM values for the 28Si (0+-2 +) transition using the universal sd-shell effective interaction of Wildenthal [22] in the model space of sd shell. The transition density p~ (i = p, n) is written in terms of a valence part A (i) (r) and a core part C (i) (r). The former was explicitly calculated from the relation, R "/
a (i) (r)= Z D~!R(j,r) (j ,r)(j]l Z Yat, llJ')
where DJJ' are the one-body density matrices (OBDM) and R(j, r), R(j', r) are radial single-particle wave functions. We have used a Wood-Saxon potential for the central part (V0 = -51.41 MeV, r0 = 1.277 fm, a0 = 0.362 fm), a standard spin-orbit potential (Vso = 24.0 MeV, rso = 1.1 fm, aso = 0.65 fro.) and a Coulomb potential for a proton in an orbit-independent method (for all levels in the sd-shell, the same potential was used) to generate the single-particle radial wave functions. These are extracted using the BOUND subroutine of the DWBA code DWUCKR4 [34] . The value of the reduced matrix elements of Ya,,, were taken from standard texts [35] . With these wave functions, the valence neutron and proton transition matrix elements were calculated and found to be Mn = 10.1572a efm 2 and Mp = 10.499 efm 2. The effect of core polarisation was taken into account through the effective charges ep = 1.35 and en = 0.35. The resulting total transition matrix elements for protons and neutrons are Mp = 17.7286 elm 2 and M, = 17.3868 e fm 2 respectively. A double-folding procedure was used for the calculation with the energy-dependent DDM3Y type of interaction. In the case of single excitation of spin zero particles, the folded potential can be written (in momentum space) as
Va(R) = ~ k2dkja(kR)O(k)da(k)~o(k).
The calculated transition potential is shown in Fig. 4 . Around the strong absorption region (9.35 fm), both the phenomenologically calculated transition potential and microscopically derived potential show similar behaviour.
Absorptive potential
The absorptive part of the potential was calculated following the approach of Vinh Mau and Pacheco et al. [ 10, 14] . The generalised optical potential for elastic scattering at energy E can be written as, 
where a denotes all possible channels. The V~ for a state a of angular momentum A, /x, can be written as
The G, (r,/) is the Green function which can be calculated in the WKB approximation. After certain transformations, one can get the local equivalent polarisation potential explicitly for inelastic channels,
where R = ½(r + r'), s = r -r' and K,~ is the WKB local momentum for the ce channel. K~ = ~t~2 (Ec.m. -E~ -V~(R) -Vc(R)) and k 2 = {t} (Ec.m.
-V~(R) -Vo(R)), V~( R) = Vo( R) + AVL( R) -iWL( R), where V~( R) is the nucleus-nucleus potential and Vc the Coulomb potential.
For a low-lying collective state (as in the 2 + state of 28Si) the nuclear form factor f(a ~) can be described by
f(ff)(r) ~('~)R .aU(r)
= t,.'M t Or '
where t~(~) is the deformation parameter in the a channel for the nucleus i of radius Ri
and U(r) is the nucleus-nucleus potential. For mutual excitation (projectile and target simultaneously) the nuclear form factor can be written as
t'4(a)~(a)~ t~ 02U(r) (23) f(a ~) (r) = -~,-'ai ~aj ,.i...i c~r----~ •
In our calculation the V0(R) was calculated from the double-folding model and U(r) was taken from the Copenhagen potential [36] .
Finally, one can obtain the total polarisation potential by the following equation through an iteration procedure.
Using the above model, we calculate the imaginary potentials including only 2 + inelastic states for target, projectile excitation and the mutual contribution for 2 + state (Fig. 5) . The real part of the polarisation potential which includes all the open and closed channels contributions was then renormalised by a factor A (to incorporate the effects of those channels which are not taken into account explicitly in the calculation). So our total potential for the elastic scattering analysis was Table 1 , set II. (b) Imaginary potentials for coupled channels calculations (0+-2+). Curve C is the microscopically calculated potential and curves A and B represent the phenomenological potential from Table 1 , set CCII and CCI respectively.
V = Vo(R) + AAVL(R) -t-WL(R)
Using this microscopic potential (,~ = 1) we performed the elastic scattering calculation at 72 MeV and 63 MeV. The nuclear deformation length 8 = fl2oR used was 1.22 fm [27] . The calculated curve is shown in Fig. 6 by solid a line together with the elastic data. For both energies, the theoretical calculations agreed excellently with experiment. Introduction of other inelastic channels (4 +, 3-) in the calculation produce a negligible improvement to the fit. As the next step, we performed a coupled channel calculation using 0+-2 + coupling with both target and projectile excitation. A real double-folding potential, normalised real polarisation potential and a microscopically calculated imaginary potential, which included the 3-and 4 + states only were used as the diagonal term of the potential. The real transition potential was derived from the shell model transition density as mentioned above and the imaginary part of the transition potential was calculated by taking the derivative of the imaginary potential used in the diagonal term of the potential multiplied by the deformation length (St). Using this prescription the coupled channels calculations were performed with the coupled channels code FRESCO [ 37 ] which can include both inelastic and transfer channels. In our calculation, we included all the partial waves up to 1 = 250h. The matching radius was set at 30 fm for the convergence of the cross section and the integration step size was 0.05 fm. The experimental data for the elastic channel are well reproduced by the theoretical calculation with and without quadrupole reorientation. In the case of inelastic scattering, the theoretically predicted cross section without reorientation coupling shows the interference pattern but does not describe the experimental data fully. Introduction of reorientation coupling terms in the calculation matches the oscillation pattern of the experiment at larger angles. It is also to be noted that the effect of the reorientation term in the elastic channel is negligible. By changing the sign of the quadrupole moment, i.e., the shape of the nucleus from oblate to prolate a distinctive effect on the inelastic channel was seen but nothing significant in the elastic channel. There is better agreement between calculation and experimental data with oblate deformation (Fig. 7) . 
Excitation function
Excitation functions for elastic and inelastic (2 + state) scattering were also analysed using both the phenomenological optical model and the microscopic model.
Elastic excitation function
In the present study, we have seen that the microscopic potentials are reproducing the elastic scattering data well. With these potentials, we performed a detailed analysis of the elastic excitation function by taking into account the coupling of the first excited state (2 + ) with the ground state using the coupled channels code FRESCO. For each energy point (at steps of 0.5 MeV) the microscopic imaginary potential was calculated with contributions from channels 4 + and 3-only. The calculated imaginary potential at and a few MeV above the Coulomb barrier becomes zero at some points in radial space. This reflects the very small diffusivity of the nuclear potentials near barrier. The energy and density-dependent real folded potential was calculated for different energy points. We observed a small energy dependence in the real part at the strong absorption radius also. Fig. 8a shows the elastic excitation function at 8c.m. = 90 °. For an identical particle system, the cross section is symmetric around this point. The solid curve in the figure represents the coupled channels calculation with 0+-2 + coupling and also (2+-2 + ) reorientation coupling. The quality of the fit is reasonable.
We also performed the coupled channels calculation using the phenomenological po-tential described by parameter set of Table 1 . The calculated cross-sections at the higher energy (a few MeV above the Coulomb barrier) slightly overpredict the experimental cross sections, but generally the fit is satisfactory.
Inelastic excitation function and Coulomb nuclear interference
Inelastic cross sections were also obtained as the offshoot of the same calculation. Fig. 8b shows the prominent Coulomb nuclear dip in the experimental excitation function. The theoretical prediction with the microscopically calculated potential including 0+-2 + coupling and quadrupole reorientation coupling does not reproduce the experimental data very well. One possible reason for this discrepancy might be that the way we derive the coupling potential, the imaginary part may not be completely proper at and around the barrier energies. It was observed that at low energy absorption was vanishing at a few radial points. As the effect of the Coulomb excitation of other channels also comes through the coupling potential, so the absence of that absorption might be the reason for the low cross section in the theoretical calculation at the low energy.
Coupled channels calculations (0+-2 + coupling) with a phenomenological potential ( Table 1 ) and reorientation coupling (oblate deformation) reproduce the cross section above the barrier energy within experimental error. At the low energy side the magnitude of the predicted cross-section is about a factor of two less than the experiment. This discrepancy has also been observed by Emiling et al. [24] in their inelastic scattering data at 66 and 68 MeV. Below and at the barrier, the inelastic cross section is mostly dominated by the Coulomb excitation. The effect of nuclear reorientation and absorption due to the nuclear process is negligible. The calculated value of the inelastic cross-section can be increased by introduction of a large Coulomb reorientation term. In Fig. 9a show the comparison between the calculations with prolate and oblate deformation.
To understand this we decompose the contribution of the Coulomb excitation from the nuclear coupling. Fig. 9b shows the Coulomb and the nuclear contribution in the inelastic cross-section by dotted and dash-dot-dot curves respectively. It should be noted that the observed dip cannot possibly be explained by changing the magnitude of the nuclear amplitude, a change in phase might be needed. It is clear that just the inclusion of the 0+-2 + coupling along with the change in the real and imaginary potential as well as the nuclear strength parameter (/302) will not suffice to reproduce the observed dip. The changing of those parameters simply change the magnitude of the cross section leaving the shape of the excitation function unchanged. Therefore the only possible way to do this is by changing the reorientation coupling.
As an alternative scheme to fit the Coulomb nuclear interference region in the excitation function, the following procedure was adopted. The matrix element associated with the reorientation term (/322) is given an energy dependence of the form 
. tried to keep a similar Gaussian form for this transition potential as in the real diagonal optical potential. Energy dependence in the reorientation coupling has been previously suggested [20] though a detailed fitting as in our work has never been attempted.
Conclusions
The elastic scattering angular distribution for 28Si W 28Si were measured at 63 and 72 MeV energies. The inelastic angular distribution was measured at 72 MeV. Around the Coulomb barrier from 58 to 84 MeV the excitation functions for elastic and inelastic (2 +) were also measured. The data were analysed in a systematic way by using a phenomenological potential and microscopically derived potential from basic nucleusnucleus interaction. Calculated cross sections obtained from these approaches show very good agreement with the experimental angular distribution of elastic scattering with reasonable fits to inelastic scattering. But the Coulomb nuclear interference dip observed in the excitation function of inelastic (2 + ) state is not described well. Observed enhanced cross section in the inelastic excitation function at and below the Coulomb barrier remained unexplained in our calculation. At the higher energy, 78 MeV and above (a few MeV above the Coulomb barrier) the theoretically derived cross section from the microscopic potential shows a different pattern from the experimental cross section. It is likely that above the Coulomb barrier more number of channels are contributing to the absorption which we have not taken into account. A more elaborate calculation of the imaginary potential including explicit coupling of those channels is probably required. Addition of the energy dependent re-orientation coupling term improves the fit and lends support to the hypothesis that there is something significant missing in the channel coupling description as it is applied in this case.
Throughout our calculations we neglected the contribution of transfer coupling which may play a significant role just above the Coulomb barrier. The imaginary potential is derived by including only the inelastic scattering to 2 +, 3-and 4 + states and the transfer reaction channels are not considered. It seems likely that inclusion of such channels might lead to the calculated imaginary potential to extend further out in the radial space. Transfer gets significant contributions from the tail of the wave function of the bound particle. The phenomenological potential which extends further out (set CCII) (thus perhaps mimicking same transfer) fits the data somewhat better. To include transfer channels in a proper calculation for microscopic absorptive potential, appropriate spectroscopic amplitudes have also to be used.
The major aspect which needs further refinement is the imaginary transition potential. We have simply taken the derivative of the imaginary diagonal potential obtained microscopically and used it as the transition potential. Perhaps an alternative procedure can be the use of a complex two-body effective interaction like JLM [9] and then obtain the imaginary transition potential by folding the imaginary part of the complex effective interaction with the transition density as in the case of the real transition potential. A second procedure could be to use appropriate shell-model (or RPA) wave function for the intermediate states (2 +, 3-, 4 +) in the calculation of the imaginary potential along with appropriate Veff.. The simplified collective form factor Eq. (22) might not be adequate.
Finally, we conclude that microscopic complex potentials can now describe the elastic data very well and predict general trends of the inelastic angular distribution. The more sensitive Coulomb nuclear interference is yet to be described satisfactorily by this procedure.
